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Assistant Commissioner for patents 
Washington, D.C. 20231 

Sir: 

I, Hiromi Yuasa, a national of Japan, declare as follows. 
I am a co-applicant of the above-identified application. 
The following Experiments were conducted by me or under my direct 
supervision: 

First, the present invention relates to a magnetoresistive device, 
while the invention of Yoshikawa (U.S. Patent 6,132,892) relates to a 
recording magnetic pole. They are different in the technical field. 
Specifically, a sense current is passed through a magnetoresistive device 
related to the present invention, while no current is passed through a 
recording magnetic pole. Further, though a recording magnetic pole is 
required to have high saturation magnetization, this property is not required 
of a magnetoresistive device. Therefore, we emphasize that it is not 
obvious whether the material suitable for a recording magnetic pole is also 
suitable for the material of pinned and free layers of a magnetoresistive 
device. 

The following experiments were performed to prove that the material 
recited in the present invention is particularly suitable for the material of the 
pinned and free layers of a CPP-MR device. 

Current-perpendicular-to-plane (CPP) magnetoresistive devices and 
current-in-plane (CIP) magnetoresistive devices were manufactured by using 
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the material of the present invention and the material of prior art, and their 

device characteristics were examined. The manufactured devices have the 

following structures. 

Ta [5 nm]/NiFe [2.2 nm]/PtMn [15 nm]/CoFe [5 nm or 5.9 nm]/Ru [1 
nm]/pinned layer/Cu [5 nm]/free layer/Cu [1 nm]/Ta [20 nm] 

CIP devices and CPP devices of Samples 1-6 were manufactured. 
The materials shown in Table 1 below were used for the pinned and free 
layers of the devices. 

The CIP devices were evaluated as follows. Each CIP device was 
formed on an Si0 2 substrate. A sense current was passed through the 
device in-plane, and resistance change thereof was measured by the four- 
probe method. The CIP devices should suitably be evaluated by 
magnetoresistive ratio (MR). The MR in Table 1 is obtained by the formula: 
MR =ARs/Rs, where ARs represents surface resistance change, and Rs 
represents surface resistance. 

The CPP devices were evaluated as follows. Each CPP device 
was prepared by patterning the above stacked structure and attaching a 
lower electrode and an upper electrode thereto. A sense current was 
passed through the device perpendicularly to the plane, and resistance 
change thereof was measured by the four-probe method. The CPP devices 
should suitably be evaluated by AAR, where A represents device area, and 
AR denotes resistance change. This is because the value AAR does not 
include dispersion in the resistance of the electrodes. 

The results of experiments are shown in the following Table 1 . 
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Table 1 



Sample No. 


Mpfpri^l fnr 
ividid icai i ui 

pinned and free layers 


MR for 
CIP device 
[%] 


AAR for 
CPP device 
[mWmm2] 


1 


CognFeio [5 nm] 
single layer 


5.7 


0.7 


2 


FesoCoso [5 nm] 
single layer 


5.6 


1.2 


3 


(CognFeio [1 nm]/Cu [0.2 nm])*5 
stacked layer 


5.6 


1 .3 


4 


(FesoCoso [1 nm]/Cu [0.2 nm])*5 
stacked layer 


5.5 


2.0 


5 


(FeenCc-20 [1 nm]/Cu [0.2 nm])x5 
stacked layer 


5.3 


2.0 


6 


(Fe5oCo5o)o.95Cuo.05 I 5 nm l 
single layer 


4.9 


2.0 
(predicted 
value) 



Comparison between Sample 1 and Sample 2, in each of which 
pinned and free layers are formed of a single layer, shows the following facts. 
The MR of the CIP device using CoggFe-i q is slightly higher than that of the 
CIP device using FesoCoso. In the meantime, the value AAR of the CPP 
device using FesoCoso is higher than that of the CPP device using 
CogoFe-io, which is contrary to the case of CIP. As described above, it is 
suitable to use FesoCoso for CPP devices. 

Comparison between Samples 3-5, in each of which pinned and free 
layers are formed of a stacked layer of a ferromagnetic material and Cu, 
shows the following facts. The MR of the CIP device using CogoFe-i q is 

slightly higher than that of the CIP devices using FesoCoso or FesoCo20- 
In the meantime, the value AAR of the CPP device using FesoCoso or 
FesoCo20 is higher than that of the CPP device using CogoFe-jQ, which is 
contrary to the case of CIP. As described above, it is suitable to use 
FesoCoso or FesoCo20 for C pp devices. 

Comparison between Samples 2 and 4 shows the following facts. 
The MR of the CIP devices does not greatly vary between the case of 
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forming the pinned and free layers of a single layer and the case of forming 
them of a stacked layer. In the meantime, the value AAR of the CPP device 
having pinned and free layers formed of a stacked layer is higher than that 
of the CPP device having pinned and free layers formed of a single layer. 

As is clear from comparison between Sample 2 and Sample 6, it is 
predicted that using FesoCoso with an additive element (Cu in this case) 

further improves the value AAR of the CPP device. 

As described above, it is effective to use Fe-rich ferromagnetic 
material for the pinned and free layers of CPP devices. Such an effect is 
not obvious over a combination of the cited references. 
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I, the undersigned, declare further that all statements made herein of 
my own knowledge are true and that all statements made on information and 
belief are believed to be true; and further that these statements were made 
with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 
of the United States Code and that such willful false statements may 
jeopardize the validity of this application or any patent issuing thereon. 
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